Abstract. Web-based learning is gaining popularity due to its convenience, ubiquity, personalization, and adaptation features compared with traditional learning environments. The learning subjects of Web-based learning systems are mostly for popular sciences. Little attention has been paid for learning cutting edge subjects and no such systems have been developed for rough sets. This paper presents the design principle, system architectures, and prototype implementation of a Web-based learning support system named Online Rough Sets (ORS). The system is specifically designed for learning rough sets in a student-centered learning environment. Some special features, such as adaptation, are emphasized in the system. The ORS has the ability of adaptation to student preference and performance by modifying the size and order of learning materials delivered to each individual. Additionally, it predicts estimated learning time of each topic, which is helpful for students to schedule their learning paces. A demonstrative example shows ORS can support students to learn rough sets rationally and efficiently.
Introduction
Web-based learning is obtaining popularity and provides many benefits compared with traditional learning environments [6] . It is learning via electronic media on the Web [2] . Some Web-based learning systems have been built to facilitate teaching and learning of various subjects.
In post-secondary education, there are some Web-based learning systems for computer science subjects, such as, artificial intelligence, network security, and information retrieval [3, 7, 8, 10, 12, 13, 15] . Rough set theory has gained significant attention as an intelligent tool dealing with uncertainty [18] . However, there are no Web-based learning systems for rough sets in the literature. The purpose of this paper is to design and prototype an effective Web-based learning system for rough sets.
Web-based learning support systems (WLSS) provide a reasonable framework to realize Web-based learning. The WLSS sustain teaching as well as learning by using the Web as an interface, repository and resource center [17] . They offer learning environments which can be accessed by learners regardless of their time and places [17] . Well-designed WLSS can supply student-centered education [11] .
A student-centered learning approach for adults, andragogy, may be suitable for rough sets learners, as most of them are adults. Andragogy aims to help adult learners according to nature and characteristics of adults [14] . This approach is driven more by needs, preference, and performance of students rather than those of teachers.
In this paper, we present a Web-based learning support system named Online Rough Sets (ORS). We combine WLSS with andragogy to support education, identify a set of rough sets concepts including their dependency information as structured learning materials, and collect a set of concept-specific quizzes. The design of ORS mainly depends on a learning model which is the realization of the learning process of andragogy. The learning model has the mechanism to generate adapted learning materials for each student. With this model, learning materials are tailored and sorted according to each student's preference. Learning materials delivered to a student will be automatically adjusted for review purpose when the student achieves poor performance on any quiz towards a learning material. Moreover, the ORS helps students schedule learning paces and improve learning efficiency by providing estimated learning time for each concept.
Web-Based Learning Support Systems and Rough Sets
This section provides some background and related works on which this paper is based.
Web-Based Learning Systems for Computer Science Subjects
E-learning refers to the use of electronic media with information and communication technology in education [16] . It is defined as learning through electronic means. Web-based learning is an alternative name of e-learning when the delivery method (i.e., the Web) is emphasized [16] .
There are some Web-based learning systems for computer science subjects reported in the literature. For theory of computation, a weak ontology is used to organize learning materials [13] , while a robot is utilized to simulate details of finite state automata [7] . For artificial intelligence, an interface is developed to manipulate input and output of prolog-programmed scripts through the Web [12] . For robotic, a simulator connecting with a real robot is built to perform experiments [10] . For cryptography in network security, the system generates adapted learning materials after a student querying on a particular concept [15] . For system analysis, a 3D role-play game supports students to learn the waterfall development model by themselves [3] . For fuzzy information retrieval system, a simulator is developed to visualize steps of weighted queries [8] .
Although these learning systems have various advantages, there are still some limitations. We list a few common ones in the following: (1) no adaptation to performance is made; (2) no systems offer queries on multiple concepts; (3) learning materials of systems are organized in a fixed manner except the system for cryptography in network security; and (4) some systems are only simulators or interfaces for the purpose of displaying steps clearly.
